We report here, the first example of an inorganic-organic hybrid material incorporating a helical iodobismuthate [BiI 4 ] ∞ templated by 2,6-diisopropylanilinium cations. The realisation of the helical iodobismuthate opens up the possibility of a wide range of physical properties among hybrid materials.
Iodobismuthates are an important class of halometalate anions in the area of hybrid materials. 1 In the last decade, they have been shown to exhibit optical, electrical, thermochromic and photochromic properties. 2 Very recently, in the area of photovoltaics, iodobismuthate compounds have emerged as alternatives to the environmentally toxic methylammonium lead halide. 3 The structure and dimensionality of the iodobismuthates play a key role in determining the properties of the hybrid materials. While a large number of zerodimensional discrete iodobismuthates are known, one-dimensional structures are relatively limited in number ([ Fig. S1 †) .
The solid state structure of 1 (Fig. 1A) was elucidated by single crystal X-ray diffraction (XRD) studies. 1 crystallises in an orthorhombic crystal system with the apolar non-centrosymmetric space group C222 1 and a Flack parameter of 0.059 (7) . The structure consists of a helical one-dimensional [BiI 4 ] ∞ iodobismuthate chain whose charge is balanced by 2,6-diisopropylanilinium cations. It is noteworthy that 1 crystallises without the inclusion of solvent molecules in the crystal lattice. The Bi-I distances in each octahedron are in the range of 2.8823 (11) (Fig. 1C) and thus 1 is a double helix. The interaction between the anion and cations occurs via hydrogen bonding. Each nitrogen atom of the 2,6-diisopropylanilinium cation is located near five iodine atoms of four neighbouring BiI 6 octahedra of the iodobismuthate chain with a distance varying from 3.736 to 4.175 Å indicating the presence of hydrogen bonds. The role of the templating cation is an important factor in stabilizing the helical structure of 1. The space filling representation of the 2,6-diisopropylanilinium ions shows that they effectively pack around the [BiI 4 ] ∞ helix via hydrogen bonding. A related templating cation, 1-naphthylammonium cation, is known to stabilise only the zig-zag [BiI 4 ] ∞ chain. 6c The role of the isopropyl groups in the 2,6-diisopropylanilinium cation may be one of the crucial factors to preserve the helical [BiI 4 ] ∞ chain in 1. 1 was further analysed by thermogravimetric analysis (TGA), elemental analysis, powder XRD studies and UV-Vis spectroscopy. In the crystalline form, 1 is stable under ambient aerobic conditions for several months and does not show any sign of decomposition. TGA analysis points out that 1 is stable up to 453 K (see the ESI, Fig. S2 †) . The purity of 1 was confirmed by elemental analysis and the crystallinity of the bulk sample was established by powder XRD studies (Fig. 2) .
After elucidating the non-centrosymmetric helical structure of 1, we were prompted to undertake a preliminary study of the physical properties. 1 exhibits an effective piezoelectric coefficient of 28.4 pC N −1 . The piezoelectric properties exhibited by 1 can be attributed to the internal strain in both the iodobismuthate and the templating cation. More investigations have to be performed in order to understand the piezoelectric tensors of 1.
From the diffuse reflectance UV-VIS spectrum of 1, a Tauc plot of Kubelka-Munk function 10 vs. energy considering indirectly allowed transition was obtained (Fig. 3) . The optical band gap in 1 was found to be 2.07 eV, which is one of the lowest values among the compounds bearing 1-D iodobismuthate chains.
1 1 exhibits thermochromic properties. In the solid state, at ambient temperature, 1 is dark red in colour. At 77 K, (liquid nitrogen) the colour changes to bright orange (Fig. 4) . The origin of thermochromism in iodobismuthate compounds is attributed to either phase transitions or changes in interatomic distances. 9d,6b,11 Single crystal diffraction studies of 1 at 296 and 85 K showed no changes in the cell parameters confirming the absence of phase transition. However, small changes in the interatomic distances were observed from the CCDC number 1444434.
